Sex differences and maturation-associated variation in fitness and motor coordination were examined in children aged 8-9 years (n ¼ 128, 67 girls). Assessments included stature and body mass, two-component body composition, percentage of predicted adult stature (as an index of biological maturation), and motor performance and coordination (Kö rperkoordinationstest fü r Kinder). Compared to girls, boys were less advanced in maturation status, possessed larger fat mass, demonstrated superior performances in six tests of fitness, and obtained one superior score on the Kö rperkoordinationstest fü r Kinder. After controlling for somatic maturation, sex differences persisted in the two multivariate domains: motor performance and motor coordination.
Introduction
The health-related benefits of regular physical activity and physical fitness in children and adolescents have been widely documented (Strong et al., 2005; see Physical Activity Guidelines Advisory Committee, 2008) . More specifically, regular participation in physical activity has been consistently associated with enhanced cardiovascular, metabolic, skeletal, and mental health, and a healthy weight status (Janssen & Leblanc, 2010) . Motor competence and the processes of growth and maturation have been shown to contribute to engagement in physical activities during childhood and adolescents (Robinson et al., 2015; Smart et al., 2012) . Accordingly, relations among these constructs are of particu-lar interest to those involved in the study and promotion of physical activity and health in youth (Cumming, Sherar, resulting in notable sex differences in motor competence. While much of these differences can be attributed to sex-associated differences in pubertal development (i.e., greater gains in absolute, and relative lean mass in boys), the differences that emerge during late childhood and continue through adolescence are more likely to reflect gender differences in socialization and/or the provision of opportunity (i.e., greater encouragement and opportunity for boys).
It is important to consider inter-individual variability in biological maturation and control for this variable in pediatric exercise research, especially in studies involving the functional and performance characteristics of young athletes (Baxter-Jones, Eisenmann, & Sherar, 2005) . Biological maturation can be viewed from two perspectives, status and timing. The former refers to the state of maturation at the time (chronological age) of observation, while the latter refers to the chronological age at which specific maturational landmarks (e.g., menarche, puber-tal onset) are attained. The most common indicators of maturity status are skeletal age and development of secondary sex characteristics.
One commonly adopted indicator of maturity timing is age at peak height velocity (PHV). This method requires longitudinal data to obtain accurate esti-mates of age at PHV for individuals. Secondary sex characteristics-breasts and pubic hair in girls or genital and pubic hair in boys-are also widely used in the literature (Baxter- Jones et al., 2005) , and at times incorrectly. Given the sensitivity of evaluating pubertal status, especially when using self-report, the issue of the reproducibility of assessments and the potential estimation errors needs to be considered when using sex secondary characteristics to assess mat-uration (Rasmussen et al., 2015) . Allowing for potential error in assessment, stages of puberty have several limitations. First, stages are discrete categories imposed on a continuous process of maturation, and, consequently, a youngster is either in a stage or not in a stage; there are no intermediate stages. Second, duration of a stage and age at transition from one to another are difficult to estimate; to do so, longitudinal observations at relatively short intervals are required. Finally, the rate of transition from pubertal onset to maturity is highly variable among individuals and is not extensively documented (Malina, Bouchard, & Bar-Or, 2004 ) as compared to secondary sex characteristics.
Somatic maturation can be estimated as a percentage of predicted adult stature attained at measurement, if data pertaining to the height of the individual's biological parents is available (Baxter-Jones et al., 2005) . Percentage of predicted mature stature (PMS) at a given age had moderate concordance with skeletal age in male youth participants in American football (Malina, Dompier, Powell, Barron, & Moore, 2007) and soccer (Malina, Coelho e Silva, Figueiredo, Carling, & Beunen, 2012) , and it provides a reasonably equivalent range of distribution when classifying individuals as early-maturing, on time, or latematuring.
The degree to which biological maturation contributes to sex differences in motor competence is unclear as yet, and may vary relative to developmental stage (i.e., early or late childhood, adolescence). Whereas advanced maturation is generally associated with improved motor competence in early childhood, it cannot explain why boys, who typically mature later than girls, demonstrate superior motor performance in late childhood. Furthermore, advanced maturity may differentially affect motor competence in boys and girls during adolescence due to sex-related differences in pubertal development. While advanced matur-ation in boys is generally associated with greater functional and motor compe-tence, advanced maturity in girls is associated with poorer performance, particularly in skills that require elements of gross motor control and movement and/or endurance (Malina et al., 2004) . Biological maturation, rather than chronological age, seems a major correlate of inter-individual variability in physical activity (Cumming, Standage, Gillison, & Malina, 2008; Sherar, Esliger, Baxter-Jones, & Tremblay, 2007) . Studies reporting the effect of biological mat-uration on motor behavior are still limited (Sherar, Cumming, Eisenmann, Baxter-Jones, & Malina, 2010) and are predominantly focused in adolescent years (Malina et al., 2004) . This study was aimed to investigate the independent and combined effects of sex and biological maturation on motor competences assessed using a physical fitness battery in addition to four motor coordination tests among pre-pubertal children within a single age group.
Method Sample
This sample did not pretend to represent the population of Arapiraca and was recruited to examine the hypothesis of the current study. Participants aged 8.0-8.9 years. This narrow age range was chosen to limit the effect of chrono-logical age as a source of inter-individual variability, and the band of eight years corresponds to pre-menarche status (Malina, 2014) . The final sample included 128 children (67 girls, 61 boys).
Procedure
This was a school-based cross-sectional study carried out in four primary schools (two public schools and two private schools) from the area of Arapiraca, a city in the Northeast state of Brazil. The study was conducted in accordance with the Declaration of Helsinki for human studies of the World Medical Association. The ethics committee of the Federal University of Alagoas (Brazil) approved the study (CAAE 09200413.5.0000.5013) . Prior to data col-lection, parents or legal guardians signed informed consent (response rate 90%). In addition, verbal consent was obtained from participants after the presenta-tion of the aim and procedures. Participants were informed that their inclusion was voluntary and that they could withdraw from the study at any time. Data were collected in the schools during weekdays corresponding to visits of the research team. A total of three sessions were needed for each class. All visits were performed within a single month. The first visit was used for collection of personal data and anthropometry. A second one was used to assess physical fitness items, and the final session was used to evaluate motor coordination (Korperkoordinationstest fur Kinder (KTK) battery), obtaining missing data. All groups followed the same order of tests except for KTK that was organized based on a circuit rotation without visual contact between participants.
Anthropometry
An experienced observer measured all participants, adopting a standardized protocol (Lohman, Roche, & Martorell, 1988) . Stature was measured to the nearest 0.1 cm using portable stadiometer (Sanny Caprice, Sao Paulo, Brazil). Body mass was measured to the nearest 0.1 kg with a digital scale (Techline, Sao Paulo, Brazil). Skinfold thickness was assessed to the nearest mm using Lange skinfold callipers (Beta Technology, Santa Cruz, California, USA) in the fol-lowing references: triceps, biceps, subscapular, suprailiac, abdominal, and calf. Estimates of fat mass percentage were obtained from sexspecific equation derived from the sum of the triceps and subscapular skinfolds (Slaughter et al., 1988) . Afterward, estimated fat and fat-free masses were calculated to the nearest 0.1 kg. Repeated measurements were obtained on 19 students within one week, and technical errors of measurements were determined: stature, 0.6 cm; body mass, 0.6 kg; skinfolds, 1.0-1.4 mm.
Biological maturation
The Khamis-Roche method (Khamis & Roche, 1994) was used to PMS. The protocol requires decimal age, stature, and body mass of the participant and average parental stature. The stature of the parents was collected through the identity card. This protocol was developed on children from the Fels Longitudinal Study conducted in South Central Ohio in the United States. Current stature was expressed as a percentage of PMS (%PMS). It is assumed that among children of the same chronological age, individuals closer to the estimated mature stature are more advanced in biological maturation compared with individuals who are further from estimated mature stature (Malina et al., 2004) . The Khamis-Roche method has been employed as an estimate of biological maturity status in several studies (Cumming, Standage, Gillison, Dompier, & Malina, 2009; Malina, Cumming, Morano, Barron, & Miller, 2005) and has been validated against an established indicator of maturity (skeletal age) in youth American football players (Malina et al., 2007) . The mean error bound (median absolute deviation) between actual and PMS at 18 years of age was 2.2 cm in boys and 1.7 cm in girls (Khamis & Roche, 1994) . To evaluate the maturity status, the %PMS was expressed as z score on the mean and standard deviation by sex and age of the Berkeley Guidance Study sample, University of California (Bayer & Bayley, 1959) . The z scores of the %PMS are often used to estimate the maturity status. Separately for males and females, two groups contrasting in somatic maturation were derived from z scores of attained %PMS: earliest maturing (P < 50%) and latest maturing (P > 50%). This approach was previously operated for Flemish soccer players aged 11-14 years (Deprez et al., 2014) .
Physical fitness
Fitness was assessed according to standard protocols using the following items of the EUROFIT test battery (Committee for the Development of Sports, 1988): standing long jump (SLJ; lower body functional strength), sit-and-reach (SAR; flexibility), handgrip strength (HGP; static strength), 105-m shuttle run (SHR; agility), and 20-m endurance shuttle run (ESR; cardiorespiratory endurance). In addition, 60-s sit-ups (SUP; trunk strength), 2-kg medicine ball throw (2-kg BT; upper body functional strength), and 25-m dash (SPR; velocity) were also mea-sured. The detailed description of the tests protocols and procedures can be seen elsewhere (Committee for the Development of Sports, 1988) . The selection of the tests was aligned with available literature on school children combining fitness and motor coordination .
Motor coordination
Motor coordination was evaluated using a 4-item battery, the KTK (Kiphard & Schilling, 1974) . The battery is often used in primary school children in Flanders (D'Hondt et al., 2011; Vandendriessche et al., 2012) , Germany (Krombholz, 2006) , and Portugal (Lopes, Santos, Pereira, & Lopes, 2013; Lopes et al., 2012) . It includes four items that were conducted in the following order: walking backward on balance beams (WB), moving sideways on boxes (MS), jumping sideways across a wooden slat (JS), and hopping for height on one leg (HH) (Camacho-Araya, Woodburn, & Boschini, 1990). Metric properties of KTK (Kiphard & Schilling, 1974) showed reasonable test-retest reliability (coefficients ranged between 0.80 and 0.96).
Statistical analysis
Descriptive statistics (range, means, standard errors, standard deviations, and 95% confidence intervals) were calculated for total sample. Kolmogorov-Smirnov was used to test normality, and appropriate log transformations (log10) were adopted to normalize distributions on three physical fitness tests (HGP, SHR, and ESR) and two KTK items (JS and MS). Sex differences were examined based on the determination of mean differences and respective magnitude effect in parallel to t tests. Subsequently, Pearson correlations examined bivarivate associations between biological maturation assessments (percentage of mature stature attained and z score for percentage of mature stature attained) and motor scores (physical fitness tests and KTK items) for the total sample and also separately for boys and girls. The correlation coefficients were interpreted as follows (Hopkins, Marshall, Batterham, & Hanin, 2009 ): trivial (r < 0.1), small (0.1 < r < 0.3), moderate (0.3 < r < 0.5), large (0.5 < r < 0.7), very large (0.7 < r < 0.9), and nearly perfect (r > 0.9).
Descriptive statistics (means, standard deviations, mean differences) were calculated within each sex for groups contrasting in somatic maturation given by z score of attained PMS for anthropometric measures, physical fitness tests, and KTK items. Then, groups were compared using the two-sided t test, and standardized differences between means were reported using Cohen's d values interpreted as follows:<0.20 (trivial), 0.20 to 0.59 (small), 0.60 to 1.19 (moder-ate), 1.20 to 1.99 (large), 2.0 to 3.9 (very large), and >4.0 (extremely large) (Hopkins et al., 2009) .
Further, the independent and combined effects of sex and maturity status on motor scores were examined using multivariate analysis of variance (MANOVA), separately for physical fitness tests and KTK items. Finally, the effect of sex (boys and girls) on physical fitness tests and KTK items scores was examined using a multivariate analysis of covariance (MANCOVA) (z score of attained PMS as covariate). When MANOVA or MANCOVA detected a statistically significant effect, subsequent analysis of variance (ANOVA) and ana-lysis of covariance were used to detect the contribution of the single dependent variables to the multivariate solution. Data were analyzed using IBM SPSS 22.0 (SPSS, Inc., Chicago, IL). Significance level was set at 5% for all inferential statistics.
Results
Descriptive characteristics of the sample are presented in Tables 1 and  2 . Girls showed higher values for attained PMS than boys. Boys presented higher mean values for estimated fat-free mass and attained better performances on 2-kg medicine BT, HGP, 60-s SUP, SLJ, 25-m dash, 10 5-m agility, and HH. As presented in Table 3 , correlations between somatic maturation given by attained percentage mature stature and motor performance items were moderate for girls in 2-kg medicine BT, handgrip, and WB. Among boys, three fitness tests also showed a moderate correlation with somatic maturation: 2-kg medicine BT, HGP, and 20-m SHR. When somatic maturation is given by z score values obtained using age-and sex-specific means and standard deviations extracted from the Berkeley Guidance Study, significant correlations were observed for the 2-kg medicine BT, HGP, 20-m SHR, and WB for girls and for the 20-m SHR, SAR, and WB for boys. Means and standard deviations for girls contrasting somatic maturation given by z score of attained percentage of mature stature (low z scores: P < 50%; high z scores: P > 50%) are presented in Table 4 , which also includes differences between both z scores groups. Girls contrasting in maturation differed significantly for body mass, estimated fat mass and estimated fat-free mass, 2-kg BT, and HGP. Descriptive statistics for boys contrasting in maturation given by z score of attained percentage of mature stature (low z scores: P < 50%; high z scores: P > 50%) are presented in Table 5 . Differences were significant for body mass, estimated fat mass, and SLJ. Among the four items from the KTK battery, boys contrasting in maturation differed on WB, MS, and HH. Table 6 summarizes the MANOVA for the eight physical fitness tests and showed a significant sex effect and maturity status effect. In addition, subsequent ANOVAs were produced separately for each test, and boys performed better scores compared with girls. Differences were significant for 2-kg medicine BT, HGP, 60-s SUP, SLJ, 25-m dash, and 10 5-m agility. No significant difference was found for the interaction sex maturation on physical fitness tests. The MANOVA for the four KTK items showed a significant effect for sex and maturity status. Subsequent ANOVAs presented boys having higher mean values than girls in the HH. The interaction term sex maturity status was not significant for motor coordination items. The results of the MANCOVA to examine sex differences (with maturation as covariate) are presented in Table 6 . The MANCOVA showed a significant effect for sex on all physical fitness tests and for all KTK items. For the physical fitness domain, significant differences were found, with boys attaining better scores on 2-kg medicine BT, 60-s SUP, SLJ, 25-m dash, and 10 5-m agility.
Finally, the KTK indicated boys had significantly better scores than girls in the protocol HH.
Discussion
The results of the current investigation demonstrate that boys performed better than girls on all but two of the fitness tests (the 20-m SHR and the SAR tests) and all of the KTK tests of motor competence, with the exception of HH. The results also suggested that sex-related differences that were not substantially explained by biological maturation given by z scores of attained PMS. The analyses performed in the current study did not control for inter-individual variation in chronological age because inclusion criteria considered age limits of 8.0 to 8.9 years. Consequently, the comparisons between boys and girls were repeated after controlling for somatic maturation, and the results remained quite similar. For both sexes, the association between maturation and motor tests (physical fitness and motor coordination) consistently suggested an inverse relationship that was particularly evident on the motor performance items that required body displacement. Fjørtoft, Pedersen, Sigmundsson, and Vereijken (2011) recommended that a battery of physical tests designed to assess motor competence and fitness in young people should include a combination of motor activities including endur-ance, strength, flexibility, agility, and balance. Accordingly, the tests included in the current study assessed a diverse range of motor and functional attributes that are considered to be indicative of physical and functional health in children. Consistent with previous literature (Colella, Morano, Robazza, & Bortoli, 2009; Drenowatz et al., 2013; Katzmarzyk, Malina, & Beunen, 1997; Marta, Marinho, Barbosa, Izquierdo, & Marques, 2012) , boys outperformed girls in tests such as static strength, speed, explosive strength, and agility.
Sex differences in fitness and motor competence, and biological maturation, have important implications for engagement in physical activities. Perceptions of physical and sport compe-tence have been documented as important predictors of involvement engage-ment in both physical activity and sport, with children reporting high perceptions of competence being the most active and most likely to participate in sports. Given that boys tend to perform better on tests of motor competence and fitness, it is perhaps not surprising that one of the most consistent findings in pediatric literature is that boys are generally more physically active and less sedentary than girls of the same age (Malina et al., 2004) . Whereas sex differ-ences in physical activity and sedentary behavior have traditionally been attrib-uted to variation in education style, social expectations, and other cultural factors, emerging evidence suggests these differences reflect underlying differences in biological maturity (Malina et al., 2004) . That is, girls compared to boys of the same chronological age tend to be less active and more sedentary as a consequence of their advanced maturation (Machado Rodrigues et al., 2010; Sherar et al., 2007; Thompson, Baxter-Jones, Mirwald, & Bailey, 2003) .
A number of previous studies have investigated relations between biological maturation, physical fitness, and motor performance in children (Beunen et al., 1997; Drenowatz et al., 2013; Katzmarzyk et al., 1997) . In a study of Belgian girls, Beunen et al. (1997) reported an inverse association between skeletal age and performance on a number of health-related physical fitness tests, including bent arm hang, leg lifts, and SUP. Similarly, Katzmarzyk et al. (1997) reported that skeletal age was more closely associated with motor fitness (35-yard dash, SLJ, and soft BT for distance tests) than muscular strength (HGP and pushing and pulling strength of the shoulders with a dynamometer tests) in boys and girls aged 7-12 years. Assessing maturity status based on percentage of adult stature attained, Drenowatz et al. (2013) also showed, in a German sample of boys and girls (7.6 0.4 years), that early-maturing children displayed a more adverse cardiovascular risk profile, presented lower physical fitness scores, and spent more time watching TV compared with their peers, consistent with results observed in the present study. Advanced maturation may adversely affect per-formance on a number of tests of both physical fitness and motor competence in Brazilian youth.
It has been suggested that individual differences in maturation status may positively or negatively affect performance on tests of motor competence and physical fitness (Beunen et al., 1997; Drenowatz et al., 2013; Katzmarzyk et al., 1997) and that the nature of the association may vary relative to age and sex of the individual, and the nature and demands of the task. Katzmarzyk et al. (1997) suggested while maturation of the neuromuscular system may contribute posi-tively to the development of motor skill, maturity-related changes in both size and body composition could negatively affect performance, particularly on tasks requiring body displacement, and especially for girls who experience greater pubertal gains in absolute and relative fat mass (Beunen et al., 1997; Drenowatz et al., 2013) . That said, higher physical fitness levels in early-maturing children have been shown to be associated with sports participa-tion, even accounting for their increased size and mass (Jones, Hitchen, & Stratton, 2000) .
The development of fundamental motor coordination has received less atten-tion in relation to the processes of growth and maturation (Freitas et al., 2015) . Correlations between skeletal age and outcomebased tests for striking, catching, and balance have generally been found to be low to moderate in primary grade children (Seils, 1951) , while no significant relationship was reported between the fine motor task and skeletal age in children 5-9 years (Kerr, 1975) . Regarding sex differences in gross motor coordination, a study with German children (M age 6.7 years) showed that boys scored better than girls in the overall per-formance of KTK (Graf et al., 2004) . Lopes et al. (2012) assessed 7,175 Portuguese children aged 6-14 years and reported that boys performed better than girls at all ages for total KTK motor quotient. However, in another recent study with 2,470 Flemish children aged 6-12 years from 26 primary schools, Vandorpe et al. (2011) reported that the raw scores of two KTK items were significantly different between boys and girls. Girls attained better scores than boys in WB, while boys performed better on the HH test.
It is important to note that the potential for sex-related differences in bio-logical maturation to contribute toward sex-related differences in motor com-petence and fitness has not been systematically addressed in the literature. Consequently, it is important to consider and interpret sex differences in fitness and motor competence with caution. In the current study, sex differences were not significant after controlling for somatic maturation, with the exception of hoping for height (boys presented the best values); Vandendriessche et al. (2011) found that maturity status did not load high on motor coordination, which may suggest that somatic maturation does not strongly affect gross motor coordin-ation during the prepubertal years (7-11 years). However, Freitas et al. (2015) , in a study conducted with Portuguese children, showed that the results imply a limited role for skeletal maturation per se or interacting with body size in the development of fundamental motor skills and motor coordination among chil-dren 7-10 years of age. In addition, many of the relationships were negative, suggesting that later maturation was associated with better performances on the motor coordination tests.
In summary, the findings of the present study suggest sex-related differences in biological maturation may contribute toward sex-related differences in both physical fitness and motor competence in young children aged 8-9 years. Differences between boys and girls during the first decade of life, and during years of primary education, in particular, may be a consequence of morpho-logical, biological, and cultural factors (Armstrong, Lambert, & Lambert, 2011; Krombholz, 2006; Malina et al., 2004) . The literature emphasizes the importance of motor coordination in prepubertal years, and a link between motor proficiency in early years with physical fitness and physical activity during adolescent and adult years is consistently assumed (Robinson et al., 2015; Stodden et al., 2008) . The adequate interpretation of group and individ-ual performances is believed to be crucial for sport and exercise adherence and maintenance in children and youth. Some limitations should be addressed for future research. The cross-sectional design precludes any statements on causality but should be investigated and confirmed by prospective studies. Second, meas-urements of stature, weight, and percentage of body fat were not made at a standardized time for all youth (i.e., during the day and not at the beginning of the day). Finally, this study did not include measurements of physical activity or sports participation. Research conducted with nonathlete children showed that individuals needed a repertoire of gross and fine motor skills to adapt for the demands of school, occupational, and other social contexts (Bouffard, Watkinson, Thompson, Causgrove Dunn, & Romanow, 1996; Losse et al., 1991; Skinner & Piek, 2001) . The findings from the current study are potential contributors for planning of activities that take into account the success and motivation of preteen girls and boys and thus promote subsequent physical activity and physical fitness.
